G-protein-coupled receptor agonists differentially regulate basal or tumor necrosis factor-alpha-stimulated activation of interleukin-6 and RANTES in human airway smooth muscle cells.
Using thapsigargin (Tg), an agent that mobilizes calcium by directly emptying intracellular stores, we previously showed that intracellular calcium may play an important role in the regulation of intercellular adhesion molecule (ICAM)-1 gene expression induced by cytokines in human airway smooth muscle (ASM) cells. In the present study, we extended this previous observation by comparing the effect of Tg and other calcium-mobilizing G-protein-coupled receptor (GPCR) agonists on the expression of different pro-inflammatory genes in response to tumor necrosis factor (TNF)-alpha in ASM cells. We found that in resting cells, Tg (10-100 nM) or the bradykinin (BK) (1-10 muM) and thrombin (Thr) (1 U/ml) stimulated interleukin (IL)-6 secretion but had no effect on regulated on activation, normal T cells expressed and secreted (RANTES) levels. More importantly, such calcium-mobilizing agents significantly enhanced TNF-alpha-induced IL-6 secretion while RANTES secretion was abrogated. The use of luciferase-tagged IL-6 and RANTES promoter constructs demonstrated similar effects of Tg on IL-6 and RANTES genes in basal and TNF-alpha-stimulated conditions. The cyclic adenosine monophosphate (cAMP)-dependent pathway plays a minor role in this differential regulation of IL-6 and RANTES genes expression. 2-Aminoethoxydiphenyl borate (APB), a blocker of store-operated calcium channels (SOCs), and bisindolylmaleimide I (Bis I), a broad-spectrum protein kinase C (PKC) inhibitor, inhibited the basal and synergic effects of IL-6 secretion in response to calcium-mobilizing agents and TNF-alpha, but did not prevent the abrogated effect of RANTES secretion. We also found that Go-6976, a selective calcium-dependent PKC isozyme inhibitor, did not inhibit IL-6 secretion in response to GPCR agonist and TNF-alpha; whereas Rottlerlin, a PKC-delta inhibitor, inhibited both Thr- and TNF-alpha-induced expression of IL-6, while BK-induced IL-6 secretion was not affected. Interestingly, TNF-alpha-induced interferon regulatory factor (IRF)-1 activation was significantly inhibited by all calcium-mobilizing agents, BK, Thr and Tg. These results show that calcium-mobilizing GPCR agonists functionally interact with TNF-alpha to differentially regulate pro-inflammatory genes expression in human ASM cells, possibly by involving Tg-sensitive intracellular calcium stores, SOC and PKC.